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Variation of Closed-Loop Poles vs. a Design Gain
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How the poles vary with k without ever finding the actual roots?
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Root Locus Method

y(t)
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closed-loop transfer function

1+1
TCs)==)

how poles vary as K increases from 0 to t



The net locus for 1tk(1) is the set of

allused-loop poles whenk increases from o to y

roots of 1 k(s) =0
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Rules for Sketching Root Loci (Rules A — F)
•Rule A — number of branches (= deg(a(s)))

•Rule B — start points (= poles of 𝐿(𝑠))

•Rule C — end points (= zeros of 𝐿(𝑠))

•Rule D — real locus (located relative to real open-loop poles/zeros) (This             

angles sum must be ±180∘ for any s that lies on the root locus.)

•Rule E — asymptotes

•Rule F — jω-crossings
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order of als)
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-> vorts of bis) =o

- the real axis to the left of
-

an odd numbers of poles and zeros

is on the real locus
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Rule E — asymptotes
When s→∞, how does the locus look like at infinity?

Rule F — jω-crossings
Do the branches of the root locus cross the imaginary axis jω-axis, i.e., closed loop poles 

transitioned from Left Half Plane (stability) to Right Half Plane (instability)?

Use the Routh test to first determine the critical value of K when the characteristic polynomial is 
about to become unstable. Then plug this K back into the above equation to solve for jωcrossings.
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Example 1

𝐿 𝑠 =
𝑠 + 1

𝑠 𝑠 + 2 ( 𝑠 + 1 2 + 1)

Plot rot locus for

=
b(s) = St

acs) = s(S +2)((S+1)=)

Rule A branches :

deg(acs) = 4

Rule B = seart points :
acs) = 0
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Rule C : end points
b(s) = 0

S + 1 = 0 end point

zeros s = -1
,

the other three ers
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Rule Ei

1 = 0
,

1, . .

., n-m+

u = deg(auss) =4H =2

m = de (b (ss) = 1

So
, 1 = 0

,
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36
= 150

LS
=+

236

= 300 = 60
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Rule F. a(s) + k . b(s) = 0

S(s+2)((s+1)+1) + k
- (S+1) = 0

34 + 4 .S + 65+ (4+(3 + k = 0

Routh Test :
s4 I 6 K

s 4 4+K 20
- k > 0

52 4 =zz1 Is
80 - kS -
201 k > 0

S
O

K
=> ok
/
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Wi
critical value of K

that makes system become

unstable

a (ju) + 455b(jr) = 0

(j) + 4 (jw) + 6 (j) + (4+ 455)jw + 455 = 0

24 + 1- 4w3) - 60 2 + (4 +455)jw + 455 = 0

Real part = o
-> w4 -6w2 + 455 =0

- 4w3 + 4 +45 = 0

imaginarypart
= 0
->

E
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wor = 1+ 55

Wo =/55

1 < JFE < 2
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Example 2.
YH)

U(t) ->
-->D

/
set H(s)=(5725+5)

mis) = +
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Closed-loop transfer function

TIs)=
.

msSee
-

=Misses
where ((s) = M (s) · HIS)
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(1)=++4)(52 +5)Ea
Rule A :

branches

dep (acss) = 4

Rule B :
start points : poles

0
.
-4
,
-12j

Rule C =
end points : zeros
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I * < four

Rule D : real locus
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Rule E : phases of branches

=to
e

n = 4

m = 0

L = 0
,

1
,
2
, 3

131 = 45

L Su =
1359

LSs =
225 234 = 3150
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Centroid of asymptotes
-
because there is no finite zeros

↓
c=EC16s)

-Ecrersa

- -4
+ (- 1 +

)
+ - 0

-

= - >
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Rule F jo-crossings ↓
root

locus

&~a
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solution 2O >t


